Clinical and experimental evidence agree in showing that lead is excreted in the urine and faeces, but it is not clear how lead reaches the faeces. The high percentage of lead bound to the liver and the elimination of lead via the intestine suggest that it is excreted in the bile, as has been directly demonstrated by Blaxter and Cowie (I946) The animals were divided into four groups. In the first and second, each comprising six rats, the bile was drained by cannulation of the biliary duct. In the first group 2"'Pb was injected immediately after cannulation; in the second, eight days before cannulation. After cannulation the rats were put into restraining cages with access to food and drink. They were observed for 50 hours. The bile, which flowed continuously, was collected at regular intervals of 30 and 6o minutes during the day and for I2 hours during the night. For each sample of bile we measured the rate of biliary flow and the rate of 21'Pb excretion.
Studies have been made in the rat of the elimination of 210Pb in the bile after the intravenous injection of ioo ,ug. of lead.
Four groups of rats were used: in two the bile was drained by cannulation of the bile duct, and in the other two the bile flow to the duodenum was interrupted by ligation or division of the bile duct. The radioactivity of the bile, of the intestinal walls, and of the intestinal contents and faeces was determined.
The results showed that lead is eliminated from the liver mainly by the bile, thus excluding passage through the intestinal walls into the faeces as important under these conditions.
Biliary Excretion of Lead in the Rat
Clinical and experimental evidence agree in showing that lead is excreted in the urine and faeces, but it is not clear how lead reaches the faeces. The high percentage of lead bound to the liver and the elimination of lead via the intestine suggest that it is excreted in the bile, as has been directly demonstrated by Blaxter and Cowie (I946) in the sheep. In the rat, the results of a study on the distribution and excretion of 210Pb (Castellino and Aloj, I964) also favour this route, since 24 hours after an intravenous injection of 210Pb the hepatic concentration is greatly reduced, and a high proportion appears in the faeces.
Massione (I94I) and Witschi The animals were divided into four groups. In the first and second, each comprising six rats, the bile was drained by cannulation of the biliary duct. In the first group 2"'Pb was injected immediately after cannulation; in the second, eight days before cannulation. After cannulation the rats were put into restraining cages with access to food and drink. They were observed for 50 hours. The bile, which flowed continuously, was collected at regular intervals of 30 and 6o minutes during the day and for I2 hours during the night. For each sample of bile we measured the rate of biliary flow and the rate of 21'Pb excretion.
At the end of the experiment the animals were killed and the intestinal tract-from duodenum to anal orificewas removed. The intestinal walls and the intestinal contents (washed out with water) and the faeces excreted during the experiment were hydrolysed separately in hot 33% NaOH, and the 2"'Pb was estimated.
In the third and fourth groups, each comprising four rats, the flow of bile was interrupted by a double ligature of the biliary duct where it joins the duodenum (third group) or by complete cutting of the biliary duct (fourth group). The 2"'Pb was administered at the end of the operation. The animals were kept under observation in single cages for separate collection of the urine and faeces
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Results
The results obtained in the two groups of cannulated rats are given in Figures i and 2 . Although the bile flow was almost constant at about IO mg./ min., the elimination of 210Pb was irregular. In both groups, the 210Pb excretion curves show an initial peak followed by a progressive and slow fall. The initial peak (30 to 6o minutes after the operation) is hard to interpret. The subsequent failure to maintain a steady rate of excretion is probably a consequence of the hepatic binding of lead, liver damage caused by the cannulation, and the toxic action of the anaesthetics.
Fifty hours after the operation the biliary excretion of lead totalled 8-4% of the administered dose (fiducial limits 4-7 to I21I%) in the first group, injected after cannulation, and oo68% (fiducial limits o0oo3 to o-i%) in the second group, injected eight days before cannulation.
In rats injected immediately after cannulation, very little lead-only o0o9% of the injected dosewas recovered in the intestinal contents and faeces (Table) . Thus little lead passed directly through the intestinal walls. In rats injected before cannulation, the lead recovered in the intestinal contents and faeces was similar to that excreted at the corresponding time in the faeces of uncannulated rats (Casteilino and Aloj, I964) and probably represents holdup in the intestinal canal at the time of cannulation.
The results with the third and fourth groups of rats, with ligated or divided bile ducts, are shown in the Table. Very little 210Pb was present in the intestinal contents and faeces.
Discussion
Blaxter and Cowie (I946) showed that in sheep given I50 mg. lead acetate 7-5% of the dose was excreted in six days. Of this, 17% was excreted in the urine, 8I % in bile, and 2% in faeces.
Our results in the rat are in agreement. From rats with bile ducts cannulated just before the intravenous injection of 210Pb only o o9% of the dose was excreted into the gastro-intestinal tract, whereas 8'4% was excreted in bile. Interruption of the biliary flow by ligation or division of the bile duct also stopped the appearance of 210Pb in the gastrointestinal tract. These results contradict the conclusions reached by Massione (I94I) and Witschi (I964) that lead is excreted, to a considerable extent, directly through the walls of the intestines. Under our experimental conditions this type of excretion is negligible. The excretion in the bile accords well with the reduction in hepatic lead concentration in uncannulated rats observed by Castellino and Aloj (I964).
We cannot conclude with certainty that lead only appears in the gastro-intestinal tract from bile, since excretion in bile in these experiments was considerably less than that in faeces in uncannulated rats (Castellino and Aloj, I964) . This may, of course, be due to the surgical intervention and the consequent metabolic disturbance. Nevertheless, it is considered likely that the bile is an important carrier of lead in the rat.
